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(57) [Abstract] 
[Construction] 

A thermoplastic resin (A), such as polystyrene, a foaming agent (B), such as 
butane, and inorganic powder (C), such as talc, whose parts by weight is 1.5 or lower 
with respect to 100 parts by weight of the thermoplastic resin (A), are diffused and 
kneaded, and then extruded from extruding holes of die head into pressurized liquid and 
instantaneously cut, and [the obtained particles] are cooled. 
[Effect]: 

Since the foaming agent is easily minutely-dispersed into the thermoplastic resin, 
generation of voids due to internal foaming, dissipation of the foaming agent from 
surfaces of particles and inclusion of moisture inside the particles will not occur, so 
uniform foaming can be realized, and foamable thermoplastic resin particles where 
excellent preliminary foamed particles and foamed molded articles can be stably 
obtained can be easily manufactured. 



[Claims] 

[Claim 1] 

A manufacturing method for foamable thermoplastic resin particles, wherein, a 
thermoplastic resin (A), a foaming agent (B) and inorganic powder (C) whose parts by 
weight is 1.5 or less with respect to 100 parts by weight of said thermoplastic resin (A) 
are diffused and kneaded, and extruded from extrusion holes of a die head into a 
pressurized liquid, and after the extruded material is instantaneously cut, the obtained 
particles are cooled. 
[Claim 2] 

The manufacturing method according to Claim 1, wherein, the thermoplastic 
resin (A) is an aromatic vinyl resin and the foaming agent (B) is gas at room 
temperature under normal pressure. 
[Claim 3] 

The manufacturing method according to Claim 1, wherein, the thermoplastic 
resin (A) is a styrene resin and a foaming agent (B) the boiling point of which at 
atmospheric pressure is 95 °C or lower. 
[Claim 4] 

The manufacturing method according to Claim 2 or 3, wherein, the usage of the 
inorganic powder (C) is 0.005 to 1.0 parts by weight with respect to 100 parts by weight 
of the thermoplastic resin (A). 
[Claim 5] 

The manufacturing method according to any one of Claims 1 to 4, wherein, the 
thermoplastic resin (A), the foaming agent (B) and the inorganic powder (C) are fused 
and kneaded, and extruded from the extrusion holes of the die head into a pressurized 



liquid whose temperature is glass transition temperature (hereafter abbreviated as Tg) of 
the foaming thermoplastic resin particle + 5 °C or more, and particles obtained by 
instantaneous cut are gradually cooled in a heated & pressurized liquid or after the 
particles are maintained at said temperature or higher, the particles are cooled. 

[Detailed Explanation of Invention] 

[0001] 

[Technical field of the invention] 

The present invention relates to a manufacturing method for foamable 
thermoplastic resin particles; and in particular, to a manufacturing method for foamable 
thermoplastic resin particles by a diffusion extruding method using a thermoplastic resin, 
a foaming agent and a specific amount of inorganic powder. 
[0002] 
[Prior Art] 

Conventionally, as a manufacturing method for foamable thermoplastic resin 
particles, such as foamable styrene resin particles, a suspension polymerization method 
where a foaming agent is mixed and then impregnated during or after the suspension & 
polymerization of the styrene resin is generally used. However, a uniform particle 
diameter cannot be obtained with this manufacturing method, and it is essential to adjust 
the particle size by screening. Moreover, manufacturing of colored particles by a 
coloring agent, such as pigments, also has many restrictions, and is hardly implemented. 
In addition, this method also has a problem such that it is impossible to reclaim waste 
products to foamable thermoplastic resin particles. 
[0003] 



As another method for manufacturing the foamable thermoplastic resin particles, 
a diffusion extruding granulation method where a thermoplastic resin, such as styrene 
resin, a foaming agent and inorganic powder are diffused and kneaded in an extruding 
machine, and after being extruded from the outlets of dies into the pressurized water, is 
cut to particles (Japanese Patent Publication Sho 42-24072) is known, with the 
advantage that particle size adjustment, coloring of particles and reclamation of wasted 
products are easy; a slip in the extruding process can be prevented according to the 
addition of inorganic powder; foamed cells are considerably uniform; and foamable 
thermoplastic resin particles with improved appearance can be obtained. 
[0004] 

[Problems to be Solved by Invention] 

However, in the above Publication of Japanese Patent Publication Sho 42-24072, 

since a large amount of inorganic powder, 2 parts by weight with respect to 100 parts by 

weight of the thermoplastic rein, is used in examples, in particles that have been 

extruded from holes of dies into pressurized water and cut, voids due to internal 

foaming occur, the foaming agent dissipates from surfaces of the particles; concurrently, 

moisture is easily contained within the particles. Consequently, there is a risk of 

causing a decrease of the foaming ratio and an increase of moisture content, even in 

foamed molded articles, and the strength may also deteriorate. 
[0005] 

[Problem Resolution Means] 

In order to solve these circumstances, as a result of close examination, the 

inventors of the present application discovered that when the inorganic powder is added 

at a use ratio of a specific amount or less, the foaming agent easily minutely-disperses 

into the thermoplastic resin, so generation of voids due to the internal foaming, 



dissipation of the foaming agent from the surfaces of particles, and inclusion of 
moisture into the particles will not occur, and uniform foaming can be realized and 
foamable thermoplastic resin particles where excellent preliminary foamed particles and 
foamed molded articles can be easily manufactured, completing the present invention. 
[0006] 

In other words, the present invention is to provide a manufacturing method for 
foamable thermoplastic resin particles characterized such that the thermoplastic resin 
(A), the foaming agent (B) and the inorganic powder (C) whose content is 1.5 parts or 
less by weight with respect to 100 parts by weight of said thermoplastic rein (A) are 
diffused and kneaded; extruded from the extruding holes of the die head into a 
pressurized liquid; and after instantaneously beibg cut, is cooled. 
[0007] 

As the thermoplastic resin (A) used in the present invention, any resin is 
acceptable as long as it is foamable by a foaming agent, and for example, single 
substance or a compound of an aromatic vinyl resin, such as polystyrene, styrene, 
styrene-butadiene copolymer (impact-resistant polystyrene), styrene-(meta) acrylic acid 
copolymer, styrene-maleic acid anhydride copolymer, AS resin or ABS resin; a vinyl 
chloride resin, such as vinyl chloride resin, vinylidene chloride resin or vinyl 
chloride-vinyl acetate copolymer; an olefin resin, such as polyethylene or 
polypropylene; an acryl resin, such as poly (meta) methyl acrylate, poly (meta) ethyl 
acrylate or methyl methacrylate-styrene copolymer; a polyester resin, such as 
polyethylene terephthalate or polybutylene terephthalate; an amide resin, such as 
polycaprolactam or hexamethylene adipoamide resin; polyurethane, polycarbonate, 



polyetherimide or polyphenylen ether; can be cited, and among them, the aromatic vinyl 
resin and the olefin resin are preferable, and the styrene resin is especially preferable. 
[0008] 

As the foaming agent (B) used in the present invention, for example, an aliphatic 
hydrocarbon foaming agent and a halogenated hydrocarbon foaming agent can be cited, 
and normally, an agent whose boiling point is under the atmospheric pressure at 95 °C 
or lower is used. 
[0009] 

As the aliphatic hydrocarbon foaming agent, for example, ethane, propane, 
propylene, normal butane, isobutane, isobutylene, normal pentane, isopentane, 
neopentane, cyclopentane, hexane and petroleum ether can be cited; as the halogenated 
hydrocarbon foaming agent, for example, methyl chloride, ethyl chloride, 
dichloroethane, chloroform, fluoromethane, difluoromethane, trifluoromethane, 
difluoroethane, trifluoroethane, fluorochloromethane, fluorochloroethane and 
dichlorodifluoromethane can be cited. Among them, aliphatic hydrocarbon whose 
hydrocarbon number is 3 to 6, especially, normal butane, isobutane, isobutylene, normal 
pentane and isopentane are preferable. 
[0010] 

The usage of the foaming agent (B) is normally 40 parts by weight or less with 
respect to 100 parts by weight of the thermoplastic resin (A), and 2 to 10 parts by 
weight are preferable because of points to obtain uniform cell diameter without any 
agglomeration of particles. 
[0011] 



As the inorganic powder (C), talc, diatomaceous earth, calcined perlite, bentonite, 
porcelain clay, asbestos, glass, lime stone, aluminum oxide, magnesium carbonate and 
ferric carbonate can be cited, and there is no harm in using combination of these 
materials. 
[0012] 

Moreover, the additive amount of the inorganic powder (C) must be 1.5 parts by 
weight with respect to 100 parts by weight of the thermoplastic resin (A), and [the range 
of] 0.005 to 1.0 parts by weight is desirable. When said additive amount is greater 
than 1.5 parts by weight, voids due to the internal foaming occur within the foamable 
particles to be obtained, and the foaming agent dissipates from the surfaces of the 
particles; concurrently, it becomes easy to include moisture inside the particles. 
[0013] 

In the manufacturing method of the present invention, a method to diffuse and 
knead the thermoplastic resin (A), the foaming agent (B) and the inorganic powder (C) 
has no special limitation, and for example, a method to diffuse and knead the three 
components of (A), (B) and (C) using a diffusing & kneading machine at a diffusing 
temperature of (A) or higher can be cited. Normally, methods where, after said three 
components (A), (B) and (C) are diffused and kneaded using an extruder, such as a 
single screw extruder, a twin screw extruder or a tandem type extruder, the material is 
generally extruded from extruding holes of die head, among which it is preferable to use 
the twin screw extruder or the tandem type extruder because the dispersion of the 
foaming agent (B) and the inorganic powder (C) is excellent. Moreover, it is 
preferable that the foaming agent (C) be pressed into the material, for example, from a 



portion of the middle of the extruder when the thermoplastic resin (A) is semi-diffused 

or diffused. 

[0014] 

After the thermoplastic resin containing the foaming agent diffused & kneaded as 
described above is normally extruded into a pressurized liquid from the extruding hole 
of the die head mounted at the end of the diffusing kneader, it is instantaneously cut, 
and particles are obtained. 
[0015] 

As the die head used herein, for example, one having extruding holes with 0.3 to 
3 mm of diameter, preferably 0.5 to 1 mm, can be cited, and as a cutting device, one 
mounting a cutter to instantaneously cut the thermoplastic resin containing the foaming 
agent under a high temperature condition and a cutter chamber having a pressurized 
liquid inside can be cited. 
[0016] 

As the pressurized liquid, water, glycol, ethylene glycol or a mixture of water and 
ethylene glycol where pressure to enable the prevention of foaming of above particles or 
higher is applied can be cited, and heated & pressurized water is normally used. 
[0017] 

The pressure applied to the pressurized liquid is normally saturated vapor 
pressure of the foaming agent at the temperature of the pressurized liquid or higher, and 
when the pressurized liquid is filled in the cutter chamber, the pressure is normally 5 
kg/cm 2 , preferably 10 to 20 kg/cm 2 . 
[0018] 



The temperature of the pressurized liquid is not particularly limited, and can be 
room temperature. However, if the temperature is higher than the glass transition 
temperature (hereafter, abbreviated as Tg) of the foamable thermoplastic resin particles 
obtained by cutting, especially between Tg and less than the boiling point of the 
pressurized liquid under increased pressure, because the obtained particles will not be 
rapidly quenched to room temperature, the residual stress within the particles is relaxed 
and the particles with more uniform foaming can be obtained, it is preferable. The 
temperature in the case of using water is normally 40 to 105 °C, and among them, for 
the temperature in the case of a styrene resin, the range of 60 through 85 °C is 
preferable. 
[0019] 

Next, the particles can be cooled to the temperature where the particles will not 
foam even under the atmospheric pressure. However, it is preferable that after the 
particles are retained in the pressurized liquid at Tg or higher for 2 minutes or longer, 
preferably 4 to 10 minutes (the temperature can be increased or lowered within the 
range of Tg or higher), without immediately cooling down, or after the particles are 
gradually cooled around Tg, preferably within the range of temperature range of Tg ± 
5 °C, and the relaxation of residual stress within said particles is further in progress, the 
particles are cooled, preferably rapidly quenched at the rate of 5 °C or more per minute, 
isolated and dried at ordinary pressure. 
[0020] 

A method to relax the residual stress within the particles after the above 
granulation is not particularly limited, and for example, a method can be cited where the 
thermoplastic resin particles containing the foaming agent extracted from the cutter 



chamber are supplied to a pressurized container for stress relaxation from the top along 
with the pressurized liquid, and while the particles are maintained at Tg + 5 °C or higher, 
or gradually cooled at around Tg, preferably within the temperature range of Tg ± 5 °C, 
the particles are slowly dropped in the pressurized liquid, and then, the residual stress 
within the particles is relaxed and the particles are sequentially extracted from the 
bottom of said container, and another method where the thermoplastic resin particles 
containing the foaming agent extracted from the cutter chamber flow into a transfer tube, 
for example, a spiral transfer tube, along with the pressurized liquid, and while the 
inside of the tube is maintained at Tg + 5 °C or higher, or gradually cooled at around Tg, 
preferably within the temperature range of Tg ± 5 °C, the particles are transferred along 
with the pressurized liquid, and the residual stress within the particles is relaxed. 
[0021] 

Moreover, for the cooling method for the particles, any method is acceptable as 
long as it is a method to cool down the particles while foaming of the particles is 
prevented, and for example, a method can be cited to cool down [the particles] by 
mixing a cooling liquid into said particles and the pressurized liquid, or the particles 
where the pressurized liquid is isolated. 
[0022] 
[Examples] 

Hereafter, the present invention is described in further detail with reference to 
examples and comparative examples. However, the present invention shall not be 
limited to these examples. Furthermore, 'parts' and in the examples are based upon 
weight. 
[0023] 



Example 1: 

A mixture consisting of 100 parts of polystyrene and 0.02 parts of talc was 
supplied and extruded from a hopper of a tandem type extruder composed of a first 
stage extruder and a second stage extruder, and next, 7 parts of butane were supplied 
from an inlet of the latter side of the first stage extruder, and polystyrene and butane 

were diffused and kneaded by the first stage extruder and the second stage extruder. 
At this time, the resin temperature was 200 °C and the resin pressure was 1 10 kg/cm 2 . 
[0024] 

The diffused and kneaded resin was extruded into a cutter chamber filled with 
pressurized water, at 80 °C and 10 kg/cm 2 , at the rate of 80 kg/hr through a die head of 
the second stage extruder (extruding hole: 0.7 mm</> * 100 pieces), and [the material] 
was immediately cut in the water and particles with 0.9 mm of diameter were obtained. 
[0025] 

These particles were transferred into a 500-litter pressurized container for stress 
relaxation, where pressurized water was circulated at [the rate of] 6 m 3 /hr, and which 
was maintained at 80 °C and 10 kg/cm 2 , and after they were retained for 5 minutes and 
the residual stress of the particles was relaxed, these were transferred to the pressurized 
container for cooling and cooled to 25 °C, and after the pressure was reduced, the 
particles were extracted to the outside of the system, and they were dehydrated with a 
centrifugal dehydrator and dried, thereby obtaining crude particles of foamable 
polystyrene particles. 
[0026] 



The butane content in the obtained particles was 5.5 parts by weight; the residual 
stress was also small; the moisture content in the particles was also low, 0.01 %; 
preliminary foaming resulted in the foaming to 70 cc/g; and the cell diameter of the 
foamable particles was also uniform, 150 to 200 nm. 
[0027] 

The composition, manufacturing conditions and properties of these foamable 
polystyrene particles are shown in Table 1 . Furthermore, the properties were measured 
and evaluated with the following methods: 

• Moisture content in particles: Five parts by weight of foamable polystyrene were 
dissolved in toluene, and the moisture content was measured by a Karl Fischer 
moisture meter. 

• Content of foaming agent in particles: The content was measured by a gas 
chromatography. 

• Average diameter of particles: Particle diameters of 100 foamable polystyrene 
particles were measured by a dial gauge, and an average value was calculated. 

• Residual stress of particles: The surface of the foamable polystyrene particles was 
imaged by a 50X ultrasonic microscope, and the magnitude of the residual stress 
was visually determined and evaluated according to the degree of a striped pattern 
on the surface. 

• Tg of particles: Tg was measured by a differential scanning calorimeter (DSC). 

• Foaming rate (1/bulk density): The bulk density of the foamable particles, which 
were foamed by heating with steam at 1 kg/cm 2 of gauge pressure for 30 seconds, 
was obtained, and its inverse number was calculated. 



• Cell diameter of foamable particles: Cross sectional surfaces of 10 foamable 
particles, which were foamed similarly to the above, were imaged with a SOX 
stereoscopic microscope, and their cell diameters were measured and the range was 
obtained. 

• Uniformity of foamable particle cells: [The cross sectional surfaces of 10 foamable 
particles] were imaged with a 50X stereoscopic microscope as similar to the above, 
and the cell uniformity was visually determined and evaluated. 

• Appearance of molded articles: The appearance was visually determined. 
[0028] 

©: excellent, O: good, A: not good 
[0029] 

x; inadequate 
Comparative Example 1: 

Procedures similar to Example 1 were conducted except for supplying only 
polystyrene from a hopper of an extruder and extruding [the material] without using talc, 
thereby obtaining foamable polystyrene particles. 
[0030] 

With the particles obtained as cited above, differential dispersibility of butane 
within the particles was poor, and the preliminary foaming resulted in foaming up to 65 
cc/g; however, the cell diameters of the foamable particles were slightly uneven, at 100 
to 300 (im. 
[0031] 

The composition, manufacturing conditions and properties of the foamable 
polystyrene particles are shown in Table 1 . 



Comparative Example 2: 

With the similar procedures to those in Example 1 except for changing the usage 
of talc to 2.0 parts, foamable polystyrene particles were obtained. 
[0032] 

The cell diameters of the foamable particles described above were further made 
uniform, 100 to 250 jim, compared to those in Comparative Example 1, and the 
appearance of the molded articles was also improved. However, compared to Example 
1, the moisture content was greater, and the foaming rate, the uniformity of cell 
diameter and the appearance of molded articles were all inferior. Moreover, many 
bubbles were generated in the particles themselves, and there were many particles 
where the internal foaming occurred. 
[0033] 

The composition, manufacturing conditions and properties of these foamable 
polystyrene particles are shown in Table 1 . 
Comparative Example 3: 

Foamable polystyrene particles were obtained with similar procedures to those of 
Example 1, except for changing the usage of talc to 3.0 parts. 
[0034] 

Particles obtained as described above were slightly foamed, and the moisture 
content in the particles was very high, at 2.0 parts. In the meantime, the content of the 
foaming agent was 4.0 parts, and the foaming rate increased only to 50 cc/g, as well. 
Moreover, the cell diameters of the foamable particles were not so uniform, at 40 to 300 
\im, and the appearance of the molded articles was perceived as being of poor quality. 
[0035] 



The composition, manufacturing conditions and properties of these foamable 
polystyrene particles are shown in Table 1. 



[0036] 
Table 1: 



Item 


Example 1 


Comparative 
Example 1 


Comparative 
Example 2 


Comparative 
Example 3 


Composition 


Polystyrene (parts) 
Butane (parts) 
Talc (t>arts) 


10 0 
7 

0.0 2 


10 0 
7 


10 0 
7 

2. 0 


10 0 

7 

3. 0 


Manufacturing conditions 


Extruding machine 

Resin temperature (°C) 
Resin pressure of dies (kg/cm 2 ) 
Extrusion output (kg/hr) 
Diameter of nozzle hole in dies (mm) 
Number of nozzle holes in dies (pieces) 


Tandem 
tvne 

2 0 0 

110 

8 0 

0. 7 

10 0 


Tandem 
tvDe 

2 0 0 
1 1 0 
8 0 
0. 7 
10 0 


Tandem 
tvt>e 

2 0 0 
110 
8 0 i 
0. 7 
10 0 


Tandem 
tyoe 

2 0 0 

110 

8 0 

0. 7 

10 0 


Temperature of pressurized water (°C) 

Pressure of heated & pressurized water 
(kg/cm 2 ) 

Stress relaxation time within container 

(min) 


8 0 
1 0 
5 


8 0 
1 0 
5 


8 0 
1 0 
5 


8 0 
1 0 
5 


Moisture content of particles (parts) 
Foaming agent content in particles (parts) 
Average particle diameter of particles (mm) 
Remaining stress of particles 
Tg of particle (°C) 
Foaming ratio (1/ bulk density) (cc/g) 

Cell diameters of foamable particles (u,m) 
Uniformity of foamable particle cells 

Appearance of molded articles 


0.0 1 
5. 5 
0. 9 

Less 

6 5 

7 0 
150—200 

Uniform 

© 


0.0 1 
5. 5 
0. 9 

Medium 

6 5 
6 5 
100~300 

Slightly 
uniform 

A 


0. 1 
5.0 
0.9 

Less 

6 8 
6 7 
100~250 

Slightly 
uniform 

0~A 


2. 0 
4. 0 
0. 9 

Medium 

6 8 
5 0 
40~300 

Not uniform 
X 



[0037] 



Examples 2 to 4: 

Various foamable thermoplastic resin particles were manufactured in a manner 
similar to Example 1 except for compositions and manufacturing conditions shown in 
Table 2. Their properties are summarized in Table 3. 
[0038] 



Table 2: 



Item 


Example 2 


Example 3 


Example 4 




Polystyrene (parts) 


10 0 


— 


— 




Impact resistance polystyrene (parts) 


— 


1 0 0 




n 

o 


SMAA*1) (parts) 






100 


>-* 

3 


Butane (parts) 


7 


8 


4 


o 
o' 


Pentane (parts) 










Talc (parts) 


0. 3 








Magnesium carbonate (parts) 




0.0 2 






Diatom earth (parts) 






0.0 5 




Extruding machine 


l andem type 


i anaem type 


Twin screw 
type 




Resin temperature (°C) 


o f\ n 
A U U 


o a n 
£ U U 


1 ft A 




Resin pressure within dice (kg/cm 2 ) 


10 5 


1 0 0 


130 




Extrusion output (kgAir) 


70 


9 0 


100 


*t 


Diameter of dice nozzle hole (mm) 


0. 5 


0. 7 


0. 8 


Ig COIN 


Number of dice nozzle holes (pieces) 


15 0 


10 0 


7 0 


iitions 


Temperature of heated pressure-applied water (°C) 


8 0 


7 0 


9 0 




Pressure of heated & pressure-applied water (kg/cm 2 ) 


1 5 


1 2 


1 5 




Stress relaxation time within container (min) 


1 0 


5 


5 



*1) SMAA: styrene-meta acrylic acid copolymer 



[0039] 



Table 3 



Item 


Example 2 


Example 3 


Example 4 


Moisture content of particle 


(parts) 


0. 0 2 


0.0 1 


0.0 1 


Foaming agent content in particle (Butane) 


(parts) 


5. 5 


6. 2 


3.0 


Foaming agent content in particle (Pentane) 


(parts) 






1.8 


Average particle diameter of particles 


(mm) 


0. 7 


0. 9 


1.0 


Remaining stress of particles 




Less 


Less 


Less 


Tg of particles 


(°C) 


65 


6 3 


8 O 


Forming ratio (1/ bulk density) 


(cc/g) 


6 7 


7 0 


6 5 


Cell diameter of foamable particles 


(urn) 


100-130 


120-150 


150-200 


Uniformity of foamable particle cells 




Uniform 


Uniform 


Uniform 


Appearance of molded articles 




0 




O 



[0040] 

[Effect of the Invention] 

According to the manufacturing method for foamable thermoplastic resin 
particles of the present invention, since a foaming agent is easily minutely-dispersed 
into the thermoplastic resin, no void due to internal foaming, no dissipation of the 
foaming agent from the particle surface and no inclusion of moisture inside the particles 
are observed, so uniform foaming can be realized, and foamable thermoplastic resin 
particles where excellent preliminarily-foamed particles and foamed molded articles can 
be stably obtained can be easily manufactured. 



